PATENfT SPECIFICATION 

O (21) AH,licatic«No.33069/74 (22) Ffled 22 Sept 1971 

S (22) Filedl9J««1972 

wS (61) Dro«ied out of No. 1385319 

(23) Gnmplete Specification filed 18 Snt. 1972 
2 (-W) Qsnplete SpedficatiottpoWiidiedK 
OQ (51)INTCL« G01N31/14//33/16 
^ (52) lufexataccqHance 
GIB UAX nx 17AX 17X1 18A 

(72) Inveiitor WILUAM RIGHM^«D 

(54) CHOLESIBROL ASSAY 

a bSS, co^a^^SeK^ DEm^aPMOp CORPORAnON, 
a liatent may be gnmted to ^^^K-t^ ^^'^ we pray tbat 

bioIoSlflSS.2^*° tbe assay of cholesterol- in liquids and particularly 

10 teste perfomed in ^„{«f^- J^"? 3% »««al number of 

TtTfcimt ii^r^ J-L. average cluucal coemistiy laboratorv. Li Britam m- 

Pre««tt^s represents abowlimiffion<4^^1a^^^ 

i'^'lSS^ S W^irSlil,-^ LiebermaJ^-l^a reaction which 
to BUtnmatimL^ corrosive and viscous reagents and presents many obstacte 



dKMestenl ddivdto»n>i»^> T»«J^T.r^r^ i^* "* r -a«»»ienone. Tbe so-called 

««ne sS aS^S^ WSl^ ^5°^^^ dehydrogenase" ft^S 
detenninatioa </tbe^^^^ ^ Xt^ZF^ oiz^e prqoration and the 

25 Enzymology 095^ J ««2L5«tL^°^,\,*=^^ Stadtman in Meduxb in 
no i^ca^^ ^^iSi ^ soluble en^e is still of low actMty md 

«adily ^^^auLSS^ whiS^obSefdi ^ « ^««^ which can 

30 reaction. The assay rnXb^c^S^J^l.*?*^ tbe Libennann-Burchard 
and can be aonlied a^^J^^^ .however, limited to Udogkal fluids 

in ai^indte^K 

35 com,STS?ZI''dJ^d"S* "^^^ "^^'^^l in a Kquid which 
the cholesteiSl W A?^iSLl?«!3 preparation capable of oxidising 

or A^-diolesteBiMi» ic lfn,., ,_ i x_ "jf"^™™? "» amount m which hydrogen petaride 
rearfoT^™^ „ fonaed or the amount in whidi oxygen is'absXl^TX 

which^S°^tinTS UoSii°2?^ "^^S '^"'^ » « liquid 
«dd.« acd^cS^iJl preparation harfng d»Iei^ 

Mycobacterium riiodoa^Z^rJrTi^^^ 5?°"* producmg micro-organism of the 

45 in the ciSil orid^r^n or 2- ^'-^ka^none is fanned 
the cholesterol oxidMerac&TSu^Sf °?y8en is absorbed in 
oxidase activity, i-ri^ffi^i^tf JS^^ '^^^ cholesterol 
hydrogett- aerpi^e. cmte ^LdWLiMJ^?T*-**°'*?^^ A^-chokstenone and 
can be nsed aocotdmg tn the nwmtion, the prspaiation is prT 
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pi^mfiTOr^iv^^rem i 

f«in.^S^%5^SiS".sTsSd\lS"*^ fonn or in soUd, e.g. ftme-dried 

into a Kq,S W^fft'oS 2di^ fJ^""^ reconstituted whh buffer 20 

is to d used fTtbT^l of c?ol^^ "t2L* Pjepan.tijr«hich 25 
hydn^en peroxide p^u^^the ^^n^T«J^ 1* fluonmetifc detennination of 

raethJ? iT^^et^^ 5".^ «nied out by usmg non-fluorimetric 

by measu^gS aSKidf^^oCen^'SJ'f'^ colorimetric metbodCo^ 30 

the cboleste^ «idaseT^C Li t£«^T^„^^°^ ?! "Ff™ « «>i«unied in 

paraM^^a SoK, 'Slp^^^ »^ pre- 

protein nitrogen and wCS^J n£idfeS SJ*.*^* ""^ '« 35 

units/ml. ™ " *™ • pottnqr «f at least OS 

of S*'if ^ ^'^^ *° determination of hydrogen peroxide th* 

01 catanse m me enzyme Drenaratinn reAnn^ .i— ' jj^ys™ p«wxiae me presence 

a catalase activity rfles^^???' ^ t^T^ of die assay. GeneiaUy 

tiian 10-' units of catete aS^ ^i'unt S « 

and preferably for tte^mS^JSif^.?^ .j u oxidase activity, is tolerable 

per unit of cholesterol wridaseMtfrf^ " ' than 10- units of catalase activity 

.J^^plS-SISwhtrr^i^^ 45 



'^n^^^d^^^:^^^!^'"''^ ^ " • caldase tohfflrito^ 50 

activi^ wS ifflti^ r*™*; ^fssi rt? ^^r*^ « •'•^ « that 

hydrogen peroxide ?^^ute " 30X Am'S,? ^ 
defined as tiiat acti^^ which wHl conve^ Vrnki^^i-T °* "^t^^ « 

and oxygen per minute at ZSX and pW ^ ' * hydn^gen peroxide to i^ter 55 

e.g. Triton X-lOO (Triton is a Tra?e M«i' ^2ff"« agent, 
m 4e chdesterol oUse solutioS. £ tKu^„^^".5*=?!«..?lS«»t my remain 



m the cholesterol o^s^l^on. tte a UrmS''/*=5"' W.'^y 
been found dut die piesenoe of TrSon y im ^ 2? described bdow it Ins 
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As referred to above, in die case of a fluorimetric detenninadon of hydrogen 
peroxide die enzyme preparation should have a potency of at least 10~^ nnits/n:il 
to provide a result in a short enough time for an assay to be useful in pracdoe and 
pardcdarly where the analysis is automated the prepaxation should have a potency 
of at least 10-^ and preferably 05 units/mL 

In die case of a non-fluonmetric assay the prepatadon should have a pMOtency 
of at least 10~^ units/ml and preferably for automated analysis at least 0.5 units/xnL 
The preparation may be prepared vrith a higher potency for eanmple 5 units/ml or 
more hat at higher levels <n potency will generally be diluted widi buffer bdbte 
use in an assay. 

In ail cases the pr^azation preferably has a cholesterol oxidase q)ecific activity 
~ef~at~lcast- l-imit-pa:-5~mg5--protein~mtiogen*-At-Wg^ 

the amount of protein presoit may make ti^ assay solution too viscous or interfere 
in the assay. A sp^ific activity of at least 1 unit per 50 jjtg protein nitrogen is most 
preferred. A pardcuhrly suitable enzyme preparation has been found to be an 
aqueous preparation wkh a specific activity of 1 unit of cholesterol oxidase activity 
per 28 /ig protein nitrogen^ a potency of 5 units/ml and containing 3% v/v Triton 
X-100. 'Has preparation may be diluted for use m an assay> for example with O.OIM 
of phosphate bdier^ so that for automated analysis it contains 05 units/ml or for 
manual analysis 0.1 units/mL 

The enzyme prepamdon faavmg cholesterol oxidase activity need not be in 
aqueous founn and it may be, for example in die fonn of a freeze^ed powder. 
In addition to the preparation of a soluble lyophilised powder, tl^ enzyme can 
be present as a concentrated, buffered solution or in suspension widi ammonium 
sulphate (with or without added bufiEer). 

Some catalyst activity veill generally be present in the enzyme preparation 
tog^her with diolesterol oxidase and die amount of catalase activity wltich can 
be tolerated in the enzyme preparation depends xrgasi the assay mediod to be used, 
the preferred limits having already been given. The catalase activity of die pre- 
paration is important whoie die assay involves measuring the amotmt of Afist 
prodooed. As descxibed in mcnc detail bdow some assay methods in vMdi K^O^ 
is determined indude the use of peroiddase and in some cases it is possible to 
overpower limited amounts of catalase with peroxidase. In addition it is posable 
to inhibit any concentration of oatalse likely to be foond in the enzyme prqiaradoa 
with an inhibitor for example sodium azide. 

The eSea of catalase on the sensitivity of an assay can be demonstrated as 
foUows: 

A catalase solution was prepared by dissolving 20 ^ of a crystalline suspension 
of catalase in 50 ml 0.05 M pho^hate buffer pH 7.0. 

0.5 ml of this catalase solution was found to break down 7.04 /aM HaOs 
(in a final volume of 2 J ml) in 2.0 minutes. On diis basts die catalase actrvity of die 
solution can be said to be 7.04 units per ml at pH 7.0 md 25^ C 

Varying amoimts of this catalase solution were introduced into a cholesterol assay 
system containing 0.5 units of cholesterol oxidase in 2.0 ml and die reduction in 
seositivity of the assay observed. 



Units catalase added 
0.704 
0.352 
OXfTA 



% reduction in sensitivity 
95 % 
66.4% 
34.3% 



However, the indusion of 0.1% sodium azide in die reaction mixtore complete^ 
inhibited even the higjiest levd of catalase thus giving 100% sensitivi^ even in 
the presence of catalase. 

Catalase can, however, generally be ronoved from the enzyme prqiaration 
or at least reduced in amount, for example by chromatography on DEA£ cellulose. 

The method according to the invention can be used to assay free or total 
diolesterol in serum, Qiolesterol is, of course, never free in plasma in the true 
sense as it is always combined with phospholipids, proteins and tri^rcerides in 
soluble lipoprotein complexes. Incorporation at a sur&ce active agent in the 
assay mixture, however, causes dissolution of these complexes, under gen& conditions, 
allowing all the free diolesterol to be enzymically oxidised, Tlie estimation of free 
cholesterol may be useful for screening purposes and may, in bd^ obriate die need 
to measure total cholesteroL 

Cholesterol also occurs in serum in the form of esters and, if total cholesterol 
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is to be assayed, the cholesterol bound in this way must first be brought into a form 
in which it can be attacked by cholesterol oiddase by hydrolysing the esters, for 
example by reaction witfi alcoholic potassium hydroxide. Reaction with 1.0 N KOH 
at TS^C effects rapid hydrolysis without coagulation of protein. 
5 To conduct the assay the optionally hydrolysed fluid is then incubated with 5 

cholesterol oxidase and the reaction 

Cholesterol oxidase 
Cholesterol+ Os^ • >cholcst-4-cn-3-one+HaOs 

r 

is preferably allowed to go to completion. The amo unt of cholestero l present is 

detennined by measuring the "oxygen uptake or the amount in whidh at least one 

10 of the products is formed. Under suitably standardised conditions it is possible 10 
to estimate the amount of cholesterol present from the amount of a product formed 
or the amount of oxygen used in a given time even if the reaction has not been 
allowed to go to completion. 

As mentioned above, when hydrogen peroxide is estimated fluorlmetrically the 

15 liquid enzyme preparation should prefeiably lurve a cholesterol oxidase specific 15 
activity of at least I unit 5 mg of protein nitrogen and a potency of at least 10~^ 
units/mL With any other estimation techniaue, i.e. measuring the amount of hydro- 
gen peroxide colorimetrically, measuring the oxygen uptake, e.g. with an oxygeo 
eicctrode, or measuring the amount of A'*-cholestenone produced either directly by 

20 its carbonyl absorption or by forming a derivative which is measured cotorimetrically, 20 
t he liqu id enzyme preparation should preferably have a cholesterol oxidase spedfic 
activity of at least 1 unit per 5 mg of pmtein nitrogen and a potency of at least 
10-* units/ml. 

The assay may, of coufse, either be carried out as an mdfvidual test on a single 
25 sample or a plurality of samples may be tested on an automated basis. The preferred 25 
enzyme preparation for automated analysis is one with a ^lesterol oxidase specific 
activity of at least 1 unit per 50 ,ag of piotem nitrogen and a potency of at least 
0,5 unit/ml. 

Preferably the amount of hydrogen peroxide produced is measured by a system 
30 which comprises a cfaiomogenic reagent or reagents capable of undergoing a colour 30 

change in the presence of hydrogen peroxide, the amount of hydrogen peroxide 

present being measured by colorimetrically measuring the colour c^nge of the 

chromogenic reagent or reagents. 

In one prefened method tlie hydrogen peroxide produced is measured by 
35 means of quadrivalent-titanium and xyJenol orange wludi react Co fomi a stable 35 

red colour with hydrogen peroxide (Tammes & Nordschow, Amer, J. C^in. Path. 

(1968), 49, 613). The amount of hydrogen peroxide produced is measured by the 

intensity of the colour. 

In another preferred mahod the amount of cholesterol present is determined 
40 by measuring the amount of hydrogen peroxide produced by means of the reaction 40 
with 4-amino-phenazone in the presence of excess phenol and peroxidase, the reaction 
bebg as follows: 



M2O2 + I ll r il peroxidase 





+ 2 HgO 



H3C— N'^ ^Ci=0 



• * 



H3C-C =C-NH2 ■ H3C-C 




O 



Thus the prefeiably hydrolysed cxtiaa is reacted with cholesterol oxidase in the 
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presence of peroxidase, 4-amino-phenazone and phenol and die optical density is 
measured at 510 nm. It can be shown that there is a linear relationship between 
the AOD (difference in optical density) between a test solution and a control con- 
taining no cholesterol and the amount of cholestenone produced. The cholesterol 

5 oxidase, peroxidase, 4'-aminophenazone and phenol can be made up into a single 5 
reagent and used in this form. 

In a typical assay according to this method 0.1 ml of serum may "be added 
to 1.0 ml alcoholic KOH (1 N) and incubated at yS^'C for 5 minutes. O.I ml 
of the saponiiied extmct may then be added to 2.5 ml of a cholesterol oxidase/ 

10 peroxidase/4-aminophenzone/phenol reagent and the mixture incubated at 30 to 10 
37''C for 5 minutes and the colour read at 510 nm. 

In~thi8 tea "a~0:l"%" solutiisnnofncl«deste^ 

to the enzyme reagent giving an optical density of about 0.05. A 0.1% solution of 
cholestenone treated in the same manner may also produce a turbidity giving an 

15 optical density of about 0.08. These conditions would only be encountered in an 15 
extremely abnormal serum containing 1,000 mg % choJesteiol but the presence of 
a smrface active agent such as 0.1% Triton X-100 in the enzyme reagent prevents 
this turbidity, Le. neither the substrate nor the product produce during the reaction 
a colloidal su^ension which would interfere with spectrophotometry. 

20 Any other suitable reaction of hydrogen peroxide may be used to measure the 20 

amount produced and hence the amount of chloestesol in the serum. Examples of 
sudi reacdons widi the references where a fuller description of tiie zeaction may be 
found are as follows : 

(1) 236-dichlQFophenol indophenol can be used as the oxygen acceptor instead of 

25 4~aminophenazone in a coupled peroxidase reaction (Gaik & Timms, Proc. Assoc 25 
Clin. Biochem. (1968) 5, 61). 

(2) Hydrogen peroxide can be reacted with guaiacum in the presence of peroxidase to 
give a blue product (Morley^ Dawson & Marks|» Proc. Assoc Qin. Biochem. (1968) 
5, 42). 

30 (3) Iodine is h'berated from potassium iodide on reaction with hydrogen peroxide 30 
and the liberated iodidine can then be reacted to form a pink colour with diethyl-^- 
. phenylene-diamine (Thompson, Clin. Chim. Acta. (1969) 25^ 475). 

(4) Iodine is Hberated from iodide by reaction with h ydrogen peromde and polyvinyl 
pyrrolidine is used to shift the absorption of iodine from the near n.v. towards the 

35 visible where its absorption can be read at 470 nm (Wate and Marbach, Qin. 35 
Chem. (1968) 14, 548). 

(5) Under the action of peroxidase hydrogen peroxide oxidises homovanillic acid to a 
highly fluorescent produa in alkaline solution (Protein does not interfere -widi 
this reaction at a 40-fold dilution of plasma). The product can be measured fluori- 

40 metrically (PhilHps & Elevitch, Amcr. J. Clin. Path. (1968) 49, 622). 40 

(6) Hydrogen p^oxide reacts with iodine in the presence of a molybdenum (IV) 
caialyst. If a kzown excess of tfaiosiilphate is used to reduce the iodine as it is pre- 
duced residual thiosulphate can be ttttated colorimetriailly with iodine. (Simon, 
Christian & Purdy, Clin. Chem. (1968) 14 463). 

4S AIthou|h measuring the hydrogen percodde produced is the preferred method 45 

of determinmg the amount of cholesterol present in the biologic^ fluid bdng assayed 
it is also possible to use other tsechniques to obtain the required assay. For example, 
the oxygen uptake in the cholesterol oxidase reaction can be measured using an oxygoi 
electrode by the technique described by Updike & Hicks in Nature, Lend. (1967) 

50 224, 986 and Makin & Warren in Clin. Acta. (1970) 29, 493. Alternatively the 50 
oxidation product A'^-cholestenone can be measured for example as its 2j4-diphenyl 
hydxazone or iso-nicotinic add hydrazine^ or if a sufficiency pure enzyme is used 
in a concentration that exhibits low absorption at 240 nm (or if the enzyme is 
immob3i8od) the cholesterol can be assayed by the increase in absorption at 240 nm 

55 due to the A^-cfaolestenone formed by cnzymic oxidation. 55 
As mentioned above cholesterol assay can either be conducted on an automated 
basis where a large number of assays are conducted in succession or small numbers of 
samples can be analysed individually. The reagents required for the assay will 
depend upon the particular method but when a HsOs dctennination is used as the 

60 basis of the assay the reagents will generally comprise (1) the cholesterol oxidase 60 
preparation, and (2) one or more other reagents required for determining the 
amount of HsO:^ produced. Some of the other reagents may be compatible wiSi the 
cholesterol oxidase and may be incorporated into the enzyme preparation to give a 
combined reagent In the case of assay methods requiring the presence of peroxidase 

65 tills can be included with the cholesterol oxidase to form a combined liquid or freeze 65 
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dried enzyme preparation. In the case of a freeze dried prcpaxation diis is reconstituted 
before use by addition of buffer. In all cases the reagents ate merally supplied in 
a concentrated form and dUuted immediately before use. A reagent for Inrdrolysmg 
tte biological fluid is also required when total cholesterol is to be measured. Wtec 
0 this IS alcohohc potassium hydroxide this wiU generally be simplied by the user 5 
as will buffer and other reagpts required for dilution. 

For automated analysis die cholesterol oxidase piqiaration is supplied either In 
CMicMtrated or freeze dried form to be diluted or reconstituted before use. If required 
iA %t the preparation may also contain peroxidase. The oriier reagents 

10 wOl generally be supplied by the user. 10 

. ^^^jjjjyjjH^jgtejl^^ 

t.t ,yv«ipo>v™is al» provides a kit for use in assaying the amount of 
cntoesterol m a liquid comprising in assodation» 

^ enzyme preparation capable of oxidising cholestexDl to A^-dioIcstcnone and 

15 hydrogen peroxide; and j5 

ii) at least one reagent which is capable of being used in die determination 
of the amount m which hydrogen peroxide or A*-cholestenone is formed. 

Preferably component (i) is an oizyme preparation derived from a cfaolesteiol 
oxidase producmg micro-organism of die Mycobacterium rhodocrous group, eA 
20 speaes NCIB 10554 or NQB 10555. Preferably die enzyme Jrep^JatiS 20 

has a cholesterol oxidase specific activity of at least 1 unit per 5 mg of orotein 
nitrogen. «^ . » r 

C tmyonent (Q is thus die enzyme preparation generally in a form more con- 
centrated dian required in die test to be diluted widi buffer by die user. The enzyme 

25 pr^aaoon may be m freezc^ried or in concentrated liquid form. The enzyme 25 
paration may include peroxidase when tius is required for die test or any odio* rem 
requued in the final assay which is compatible with the diolesterol oxidase. 

The kit will, of course, contain each of die components in die amount required 
for die same defined number of tests. For example die kit may contain sufficient 

30 enzyme and other reagents for say 12 tests. Each reagent may be suppUed in a single 30 
amoimj, eg. m a botd^ die amount required for an individual test being extra^ 
nom tnis single amount. 

Altem^y tbe lot am contaia imh doses of die enzyme component, each 
^S^.'^ ^V^"^ pteJeirfJy at fcasr OJ units, of cholestetolStidase 
35 a»W8*«fo'asmgletest.Foresaiiqaetlieu^^ m 

tioo may be provided m freeze-dried or ooncentntcd fbnn in imUvidtSlA&b 
to be reconstituted widi buffer before each test ^ mwu tw 

Component (u) of the kit is, where hydrogen pennide is to be detetmhied 
colonmetncany, usually an oxygen acceptor such as S^inopKo^ mdS 
^ ^^^^ '^'^ quadnvalent titamum. These other reagents can be simplied 40 

"tS?^^ ooncemnited fonn to be diluted by the u^. 

TTie kic may also mdnde as a further component (iii*) at least one reagent capable 

°L5*^..""** »'y«i«'Iy«»ing ^ «™m. This compoiem will, of ra^^y bl 

needed where total cfaokstend is to be measured. ' 
45 The user wffl generally siq^ly Ok buffer required for ditatfam and any otfier 4S 

rammon reagents wto± may be required such asl)lvents for extnctioTorfilS 

'tS?,*^ dtolesterol and hydrolysis is carried out with an alkafi 

such as akoholic KOH an add reagent, e* dflute HQ or H,SO« is reqS«rfftr 

SfTi^°"i ^ "T°^ "fl/°f hydrolysis and diis add reagent may teSded 
^ ^ J2^ ^ A'^olestenone is detennincd dirertly by its caibonvl fa 

omiponent of the kit iqxat &om the enzyme preparation. If required the Ut ^ 
mdude one or more standatd diolesterol solutions for standardising the assay 
J I?* invenuon is illustrated by the following examples altiiouBh it is to be 
55 tmderstood that they do not Ihnit the invention & any Say, In tte eaamoks tte 

diolesterol oxidase is that produced acooiding to the onmiile ofW3«Jrf^^ ^ 
AppUcation No. 44095/71 (Siial No. 1,38531^ copaidmg 

Example 1 

„ . . , Assay of Free Cholesterol in Serum 

60 Pnnaple 

- "^"^ •^'^''Ste"' » ^*-<l»lestenone with ^ 

produaion of hydrogen peroxide. The hydrogen peroxide produced fe 
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Reagents 

1. 0.01 M phosphate buffer pH 7.0 containing 0.10 g %> sodium azide. 

2. Qiolesterol oxidase solution 5 units/ml (1 mi oxidises 5 fiM cholesterol per minute 

at pH 7.0 and SO'^C) contains approx. 3.0 % v/v Triton X-100. 
5 3. Woxldng enzyme solationr-S ml cholesterol oxidase sdution is added to 45 ml 5 
of the 0.01 M phosphate buffer. 

4. Sulphuric add 2N— 56 ml concoitrated sulphuric add is added to distilled 

water and diluted to one litre. 

5. Stock titanium 0.001 M«— 0.08 g titanium dioxide is placed in a 25 ml conical 

10 flask and 0.5 g ammonium sulphate and 23 ml concentrated sulphuric add 10 
are added. This mixture is heated on a hot plate umil all of the material is 
.dissol^_and_is_<»lourtes8,JIliej_soIution_is„co^^ 



with distilled water. 

6. Stodc xylenol orange 0.001 M— 0.76 g xylenol orange is dissolved in distilled 

15 water and diluted to one litre; 15 

7. Gombmed colonr reagent— Add one volume of stock titnnfitm to 0.5 volume of 

2N sulphuric add, mix. Add one volume of stock xylend orange and 0.5 g 
^lyoxyethylene hsaryi ether]) per 1 litre of reagent 

8. <2oteterol standards containmg up to- 5.0 mM per litre. Prepared by dissolving 

20 pme dry cholesterol (BDH Biochemical Standard) in isopropyl alcohoL 20 

Method 

100 jul serum or standard are added to 2.0 ml working enzyme solution and 
incubated at 37^C for 5 minutes. 1.0 ml of the combined colour reagent is then 
added and the mixture incobated for a further 5 minutes at 37**C 
25 Blanks are prepared by adding serum or standard direcdy to a mixture of 2.0 25 

ml working enssyme solution and 1.0 ml oombhied colour reagent 

The optical density of the test aofaitton is read against its blanks at 550 nm. 

Example 2 
Assay of Total Cholesterol in Serum 
30 Prlndple 30 
Cholesterol is rdeased from Apoprotein complexes and hydrolysed from its esters 
by alkalme hydrolysis. Following neutralisation of the hydrolysate the diolesterol 
is enzymically o xi d is ed to A^-dxolestenone. i^^-cholestenone is then extracted from the 
reaction mixture and its absorption at 236 nm is mearared. 

35 Reagents 35 

1. 0.05 M phosphate buffer at 7.0. 

2. Cholesterol oxidase— Stock solution cantdniniE 5.0 units/ml and 3.0 % v/v 

Triton X-100. ' ' 

3. Working enzyme — 5.0 ml of the cholesterol oxidase stock solution is added to 

40 45 ml of the 0.05 M phosphate buffer pH 7.0(1). 40 

4. Ethanolic KOH (IN)— A **Volucon*' ampoule (May and Baker Ltd— Volucon 

is a Trade Marik) to make 1 Ihte 1 N KOH is dihited to 100 ml with distilled 
water and made i4> to 1 litre with absolute aloohoL 

5. 0.083 N Hydrochloric Add containing 0.3 % v/v Triton X-100. 

45 6. Cholesterol Standards up to 12.9 mM (500 mg %). Prepared by dissolving pure 45 
dry cholesterol (BDH Biochemical Standard) in isopropyl alcohol. 
7. Cydohexane. 

Mediod 

0.2 ml serum or standard is added to 1.0 ml ethanolic KOH and the mixture 
50 incubated for 5 minutes at 75 °C in stoppered tubes. 50 
0.1 ml of the saponified extract is now added to 1.0 ml 0.083 N HQ containing^ 
03 %• Triton X-100. The Mention is mixed before adding 1.0 ml of the working 



is incubated at 37°C for 10 
55 5.0 ml ethoaolic KOH are now added and the ji^-cholestenone formed during the 55 

reaction is extracted into 3.0 ml cydohexane. 

Blanks are run in a similar fashion except that the working enzyme solution is 
not added until after die addition of the ethanolic KOH. 

The optical density of an extract is read against its blank at 236 
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Example 3 

Kit Formulation for Assay or Free Cholesterol in Scrum 
Principle— - ^ — 

Cholesterol oxidase oxidises cholesterol to A^-cholestenone with the simultaneous 
produaion of hydrogen peroxide. The hydrogen peroxide produced is chelated with 
x>'lenol orange and quadrivalent tiuinium. The absorption of tiiis red coloured 
complex is measured at 550 mn. 

Reagents 

1. 0,01 M phosphate buffer pH 7.0 containing 0,10 g % sodium azidc. 

2. Cholesterol oxidase solution 5 units (1 ml oxidises 5 aM cholesterol per minute 
at pH-7;0-and30^Q containing 3:0%^ v^^^ ^ 

3. Working eoiymt solution— 5 ml cholesterol oxidase solution is added to 41 ml of 

the 0.01 M phosphate bufiEer (1), 

4. Sulphuric acW 2N— 56 mi cancentrated sulphuric acid is added to disdlled water 

and diluted to our litre. 

5. Stock titanium 0.001 M— 0.08 g titanium dioxide is phced in a 25 ml conical 

fla^ and 0.5 ammonium sulphate and 25 ml concentrated sulphuric add are 
added. This mixture is heated on a hot plate until all the material is dissolved 
and is colourless. The solution is cooled and made up to one Iitcc with distilled 
water. 

6. Stock xylenol orange 0.001 M— 0.76 g xj-lenol orange is dissolved in distilled 

water and diluted to one litre. 
7- Combined colour reagent— One volume of stock titanium is added to 05 volume of 

2N sulphuric add and mixed. One volume of stock xylenol orange and 0.5 g 
o K^^'?^ (polyoxyexhyleac lauryl ether) per litre of reagent is then added. 
8. A cholesterol standard contaming to 3.0 nlA per litre is prepared by dissolvinc 

pure dry cholesterol (BDH Biochemical Standard) in isopropyl alcohol. 

The kit for 20 tests includes two reagents A and B and a standard cholesterol 
solution (reagent 8 above). 

Reagent A— 80 mis Cholesterol oxidase solution prepared as reagent (3) above. 
Reagent B— 40 mis combined colour reagent prepared as reagent (7) above. 

Method 

a-jorA^^.ii^ /U serum or cholesterol standard to 2.0 ml reagent A and incubate st 
37 C for 10 mmutes. 

Add 1.0 ml reagent B to die reaction mixture and continue incubation at 37*C for 
a further five mmutes. 

Blanks arc prepared by adding serum or cholesterol standard directly to a mixture 

of 2 mis reagent A and 1.0 ml reagent B and incubating for five minutes at 37X, 

u. densities of the test solutions are read against their correspondine 

oianks at 550 nm. *- & 

Calculation of Results 

mM cholesterol for litre test=- 



3.0XOD.,so test 
ODfSo standard. 



Example 4 

Kit Formulation for Assay of Total Cholesterol in Serum 

Frmciple 

'^"S^./"? lipoprotein complexes and hj-drolvscd from its esters 
SLJSS* hycbpl:^is. FoUowwg neutraUsation of the hydroljsat^ the cholesterol is 
enzynucally oxidised to A^-choiestenooe and its absorption at 236 nm is measuied. 

Reagents 

1 . 0.05 M phosphate buffer pH 7,0 

2. (^olesteTol oxidase— Stock solution oontaining 5.0 units/ml and 3.0 % v/v Triioii 

3. Working en2^6--5.0 ml of the cholesterol oxidase stodc solntion is added to 45 

ml of the 0.05 M phosphate buffer pH 7.0 (1) 

4. V^a^c KOH^l^"\olncm'; ampoule (May & Baker Ltd) to make 1 litre IN 
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5. 0.083 N Hydrochloric acid containing 0.3 % v/v Triton X-IOO. 

6. Cholesterol Standard up to 12.9 mM (500 mg %) prq)ared by dissolving pure 

dry cholesterol (BDH Biochemical Standard) in isopropyl alcohoL 

7. Cycloheicane. 

A kit for 20 tests includes two reagents A and B and standard (^olesteioi 
solution (reagent 6 above). 

Reagent A— Cholesterol oxidase— 80 ml working enzyme (reagent 3). ^ . ^ 
Reagent B— 80 mis. 0.083 N hydrochloric Acid containing 03 % v/v Tnton X-100 
(reagent 5*) 

TRthflTiftlic KOH and cydohexane are provided by the user, as the former is 
-imstabkand^joth-arerequired-inrrela^efy-lafge-volui^ — 



Method 

0^ ml serum or standard is added to 1.0 ml edianolic KOH and the mixture 
incubated for 5 minutes at 75 **C in stoppered tubes, 

0.1 ml of the saponified extract is now added to 1.0 ml 0.083 N HQ contammg 
0.3% Triton X-100 (Reagent A). The solution is mixed before adding 1-0 aol of 
the working enzyme solution (Reagent B). After addition of the cholesterol oxidase 
the reaction mixture is incubated at 37" for 10 minutes. ^ 

5.0 ml ethanolic KOH are now added and the A^-cholesteoone formed dunng 
the reaction is extracted into 4.0 ml cydohexane. , 







■ 1 





The optical density of the extracts is read against dieir blanks at 236 nm. 



WHAT WE CLAIM IS:— . . . 

1. A method of assaying for cholesterol in a liquid which comprises mcubatmg 
the liquid with an enzyme preparation capable of oxidising die cholesterol inno 
A^'^olestenone and hydrogen peroxide and determining die amount of c holeste rol 
present fay measuring the amount in wliidi hydrogen peroxide or A^-dicdestenone 
is tunned or die amount in wludh oxjrgea is absoitei in the reaction. 

2. A method of assaying for cholesterol in a liquid which comprises incubatinjg 
the liquid witii an enzyme preparation having cholesterol oxidase activity which is 
derived from a cholesterol oxidase producing micro-organism of the Mycobacterium 
rkodocrous group and dttennining the amount in whidi hydrogen peroxide or A*' 
cholestenone is formed in the cholesterol oxidase reaction or the amount in which 
o^gen is absorbed in the cholesterdi oxidase reaction. 

3. A m^od as daimed in Claim 2 in which the enzyme preparation is derived 
from Nacatdia spedes NCIB 10554 or NQB 10555. 

4. A mediod as daimed m any of Claims 1 to 3 in which ti[ie enzyme preparatian 
having a diolesterol oxidase specific activity of at least 1 unit per 5 mg of protdn 
nitrogen and a potency of at least 10-- units/ml and the amount of hydrogen peroxide 
produced is measured by a fiuorimetric method. 

5. A method as claimed in any of Claims 1 to 3 in whidi the enzyme preparation 
is a liquid enzyme preparation having a cholesterol oxidase specific activity of at 
least 1 unit per 5 mg of protein nitrogen and a potency of at least 10"^ units/mL 

6. A method as claimed in Oaim 5 in which the amount of hydrogen peroodde 
produced is measured colorimetrically ^ oxj^gen uptake is measured . using an 
oxygen dectrode or the amount of A^-diolestenone produced is mqsitted either 
direcdy by its carbonyl absorption or a derivative of A^-diolestenone is tomed whidi 
is measured oolorimetricaOy. 

7. A mediod as daimed in CIaim.6 in which the amount of hydrogen peroxide 
produced is measured by a system which comprises a chromogenic reagent or 
reag^s capable of undergoing a colour change in die presence of hydrogen peroxide, 
the amount of hydrogen peroxide being measured by colorimetrically measuring the 
colour change in die chromogenic reagent or reagents. 

8. A mediod as daimed in any of Claims 1 to 7 in which the enzyme preparation 
is a liquid enzyme preparation having a cholesterol oxidase specific activity of at least 
1 uiiitper50jugof protem nitrogen ai»i a potency of at least OJfunit/mL 

9. A method as daimed in any of Claims 1 to 8 in whidi the liquid is serum. 

10. A mediod as daimed in Claim 9 in i^idi for die assay of total dmlesfeerol, 
die serum is first hydfolysed. 

11. A mediod as daimed in any of Claims 1 to 10 carried out as an individual 
test <m a single sample. 
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12- A method as claimed in any of Oaims 1 to 10 in wWch a plurality of 
samples are tested on an automated basis, 

13. A method as claimed in Qaim 1 substantially as hereinbefore described. 
A -t'l^ assaying for cholesterol in a liquid substantially as hereinbefore 

described with reference to any of Examples 1 to 4. 5 

15. A kit for use in assaying the. amount of cholesterol in a liquid comprisinc 
m assoaauon, ^ r «»b 

i) an enzyme preparation capable of oxidising cholesterol to ^*<holestenonc and 
hydrogen peroxide; and 

iO at feast cme reagent which is capable of being used in the detemiination of 10 
a»~an»oum-^!n-which-*ydrogen-pcroxidc-or-A^=^cfaofcst^^^ 



. ^ V* ^ 1^ « vWch ihe enzyme preparation (i) has a 

cholesterol oxidase specific activ^ of at least 1 unit per 5 mg of protein ifltiogen. 

li? f ^'t ^^ ^ « "^^^"^ the enzyme preparation (i) is dcr^ 

cholesterol oxidase producing micro-organism of the Mycobacterium rbadoerms 15 

18. A kit as claimed in Claim 17 in which the enzyme piraaiatioii (i\ is derived 
from .VoWiB species NOB 10554 or NCIB 10555. f^'PMsuwi ^ » aoivca 

20 in assSidoS* " assaying the amount of cholesterol in a liquid comprising 

20 

i) an oizyme preparation whidi is derived from a cholesterol oxidase produdne 

micro-oigamsm of the Mycobacterium rhadocrous group and having a 
cholesterol oxidase specific activitj- of at feast 1 unit per 5 mg of pnttein 
mtrogen; and 9 r 

ii) at least one reagrat whi*± is capable of being used in the detenninatidn of 25 

tite amount m «*ich hydrogen peroxide or A^-chokstcnone is fonned in die 
cholesterol oxidase inaction. 

^-,•3,^ 5.'»™«! ^ Claim 19 in which the cnzvmc piMwiaUon (1) h 

derived from iVoamfiaqwdesNCIB 10554 wNCam 10555 P"-P»™««» a 

r,\ ^mn^J^^^ ''"^"^ " .'^^ °^ 15 to 20 in which the enz^ preparation 30 

'^^"^^ " 15 21 in which component (ii) com- 

prises at least one reagent capable of taking part in a reaction by of 1^ 

hydrogen Detoxide can be determined fluoromorically. ^ „ 

«i^c-r-'» I - " " °* ^^'^ 15 to 21 in whidi component (in com- 

prises at least me reagent capable of taking part in a reaction mms of wMdi 
hydrogen peroxide can be determined colorimoncaDy 
40 r^ k A kit as claimed in any of Claims 15 to 23 in whidi the enzyme nreoaration 

(I) has a chole«erol oxidise spedlfc activity of at least 1 mTpttine KtSS ^ 

J -^j^'^ Claimed in any of Claims 15 to 24 in which comoonent m 5s » 

27. A kit as daimed m Claim 26 which contains a sinelc amount of earh mm 

28. A kit as claimed in Claim 26 which contain*! nmV a^^^ ^* ♦t^ 

""''i^^X k^ atthSr&r I'in^l^^^^^^^^ 

^y. A Kir as ciauned m Claim 28 m which unit doses of the enzvme comnnnwit 

serum^w4h''aS&1te^ ^ chofcsterol in «^ 

Si"^ A l?"! f ^''^^ng "scd in hvdrolysing the scrum 

31. A kit as clamied m any of Chans 15 u> 30 which inrfiX; Sn ,^is^^ 
60 least one standard cholesterol soludon. mcludes m addition at 
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32. A kit as claimed in Qaim 15 substantially as hereinbefore described. 

33. A Mt for use in assaying for cholesterol in a liquid substantially as here- 
described with reference to either of Examples 3 and 4. 

ELKINGTON & FIFE, 
Qiaiteied Patent Agent% 
High Holbom House, 
52/54 High Holbom, 
London WCIV 6SH. 
Agents for the Applicants. 
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